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Abstract: In recent years, unmanned aerial vehicle (UAV ) networks have been progressively and extensively employed
in various industries, which places higher demands on the network capacity that drone networks can provide. Directional
antennas combined with drone networks form directional drone networks to address the problem of low network capacity
caused by the competition for limited communication resources among nodes in UAV networks. Directional UAV net-
works can improve slot utilization through the spatial reuse capability of directional antennas. In response to the problem of
low slot utilization and limited network capacity within directional networks employing the TDMA protocol, this study pro-
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poses a protocol for slot reuse and power control in directional UAV networks based on deep Q-networks (DQNs). To en-
hance slot utilization, we consider multiple links communicating in a single slot to achieve slot reuse. However, the simul-
taneous communication of multiple links in a single slot introduces inter-link interference. Managing power control to in-
crease network capacity while considering this interference among links is a key focus in slot reuse research. To address this
problem, we first consider imposing constraints based on power requirements and the minimum channel capacity for each
link. Considering a more complex and practical link interference model compared with other studies, the problem is formu-
lated as a maximum overall network capacity problem. Subsequently, for a more intricate inter-link interference environ-
ment, the instantaneous channel information and directional gain states of multiple links are incorporated into the state of
the DQN framework. The reward for the DQN is defined as the sum of the channel capacities of links that exceed the mini-
mum channel capacity. Finally, by extending the optimization problem of each time slot to that of each frame, multiple
DOQNs are utilized. Simulation results demonstrate that, while ensuring the minimum channel capacity of each allocated
slot, the proposed method significantly increases network capacity compared with the benchmark methods.

Key words: time division multiple access (TDMA) protocol; directional UAV network; deep Q-network (DQN) ;
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Fig. 3 Illustration of directional antenna beam pointing

. (ﬁt’+180°, g?),l+180°<360°

P76, - 180° ¢, + 180° > 360°

R 10 S 20 24T L A B 2

SR TR A5, 1 % B T PG 25 402X (4) s o

0, F IBIETT I g, , 7R AR r BT 18]

0
s —_—

2 (4

(3)

got, - q)r/,r,

main ?

G,,@,.0.)=

0, otherwise

ek A I T A AT R G A B ) R B Y
THAEOT BT SO TR Sl T
P (S PR e o, s r 810 ¢ 7510

0
awwwww)=;G““‘“*¢“‘sz (5)
0, otherwise

H =0 (4) FX (5) T LIS, T4 =240 R DU b
T -

T SRR T Y A A O Y FE R
0 P 3T Y SE 1] 4 A O A Y A
A1 5

T SRR TR S ARG FN T
PUAT SONTE TR 2500 I, X B R e
Tia) 348 25 A T 5000 55 I A% AR TP T A R
1435 N 5

TP SORTERE TR S0 EIREEE A, T
T AR T S FIEEE N X E

i) 344 25 S T A0 500 F Y 5 AR TP T R SRR
HA LR A

T SRR T S AN X T ) FE e T
TP, B T 4 1) 3 5 R A 55 IR 25 A A

h 41 (2) (4)FN(S) B EEA B B Ik A
fRIEREG BT 1585 BTN AT
Bl ki % 7 2 O 19 15 T W e (SINR) , an =X (6) i
TRo HH W FRIRTERT B kb ¢, B v, I BERHE EIR S
{5 K. (Channel State Information, CSI) , A}, /R 7ERT
Bl kTR A5 B, RS EOR S R . pi A
PioT RN TE IS B kv o 0 2 S DD 3R ¢, 1 S
R, M={1,2,3,- M} FRITABERKNES. N &
7 e BT

I G,’
h pf1019101°
k Apl o (6)

pi = Gw
No+ >0 "k pl10 101010
FR A =X (6) AT LAAS 21 5 [ i 76 B Bt &k 19 00— A6 (5

=)

B

a

Cr=log,(1+p") (7)
SE 1) T LI 26 01 4 1) Jo A AL 26 A TR] 22 (7]
TC AL 45 119 5 1) 14 25 445 6 A AL R] B 38 15 7T 2A
BN —A~ B — 2 A B AR B, WL 2 s
T F2 0 R A0 S 5649 AR LAt 55 R AR /N, AT A
BT SRR o DRI AR SO S 1] ) 4%
I 7 8 i s BRI R S TR T A .
2.2 [AAERE
EE 2, G S TN 2M(2M < ST
LA 8 M A 30 {7 4 o e EA Tl M o FRATTIEE
— WA MASEEBR o SR TSI — T M A B Y 1)
26 25 e 1 de KA TN SF B B BR A BE L SR
TDMA PS5 B o5 4 — AR AR UE RS
BEBKAE — WIS — IR . SRS PR UE B B B TE B
STECET RS IR R THR/MGIE A R T,
I 2 1) SR 4 1) ) R 52 P e g ek D 3R 4 o) 2 R
D) 25 75 B de KAk o AR 4 TDMA PR, B B Bt &
Sy PELLAEE I n, UK (8) Frs Lk [m) i, 3
T SR AFIRE B e ) 22 S Th 3R PR LA S PR B A £ e K )
Gasik Y Clo CUX ARG BLIZ AT B BE I (1 20
AT, D13k 0 RORTEZIT A TAE, C23%
7N, A AR I IR kTR B 0 £ 1 A
IR F i/ MEIB 2 C, VR IE MY 55 3 R ER
C3 R 43 BL i 5t B 0 B % m WA 254D T T AR
CARIE TEEM n (FIE A RN R/ ME. C, ESY
PRZ AN 5575 R A, EF XA R 0 3 e e e



57 3

AL 25 JET DRL AYE [ X 28 I B 52 R0 D 34 i P 1345

mpZ}X Zi.neMC"k
st. Cl: 0<pt|,., <P,
C2: CH,.,=C,, ,if p'=0
C3: 0<p1,:<Pmax
C4:. Cr=C,, (8)
HRAE S (7) 76 M A BB 4 I BT A i B 0 47
AL RS AR R, e 7={1,2,3,---,M}
FRITE R BRES .
= zkeTZieMka (9)
R TS (9) fe KA, FE RS2k TDMA P
WA L I A B B A T Ak IR) R (8) SR i . =R (8) 1Y
[A] RAS i b — R AR L A AR ] 1) BT, A5 58 T
e v — R R LA A oA o [R) S R AT R A
M Bt 25 0 RE B 1 0 R, T AR FH A8 B 0 e X 1 1)
RHEAT AT ALK o [R5 18 PR 9% sl & AR 4k L
REGFEE 2y, LA SCHE 1 5T DQN K it 7]
(8 ) R B B A A g 3 4 il s

3 ETDQNHRERE AIhREH il

3.1 REQM

K 4 P Ak eE 2T (A HE SR B 2 BE AR AR
M EAEFL RS . FERT ] ¢, $0FT 50 A2 2] Bk
e A o X IR TR AR IR s € S, il P T
SNE a' € A FUAREEFEAT S B ARATFIT B ¢ 10 Jily 1
T—REs eS8, SHIALRRRIETARSF
IERES . B BRARCRIUVS MRS By
AR FARBE RS EERNS . y TSR A
2 2 TSR A T ELARAR I IR R 2R S Al 5
JIt 7~ 19 £y 7R A] 9% g 3R i 72 (Markov Decision Pro-

cess, MDP). 7E MDP 1, t+1 i 2| (FpR S S H 5 ¢
A ZI RS S FBIAE @' MR o

Q-learning 572 J& 24 i Fe i 47 19 FH e b # /R
AR YL [a] @ (MDP) s fb 2% ) Bk 2 —17 0 ek
A28 1] % 2L 45 i A 3 Rk 35 2 8] B R KB, Q-
learning & V7. ) Q (H 2 A5 AE W B K . MR Q-
learning iX — [ , DQN Kf Q-learning 1T B # £5 4
2525 5 TR 5 b 28 I 25 4 SRy (B pR BIGIT ) #0519 i
HRMR B AR QME R EIM QMEH . RIEM LN
BT DQN AR S RS S A L 52 3iE 53 DQN
SR AR I

DQN H iy SR i =L (10) i, Hory J2H
RV AR AN IRAE 2L il i AT F R -, s 2 il o

R'= zjy’r””l (10)

DQN FIH anf&l 6 fir7s TR BE Q 44 K1 it Q bR
o TERAE RS o I AE T R R IR LR R S s 1 514
THATIE o 19 Q RN (1D P, Horpr 0 2248
1) A 25 I 24 [ B[] f:, B[ R AT I R T
DQN H b it A R 19 38 B KAk Q pR%S.

O.(s,a; 0)=E_[R|s'=s,a'=a] (11)
DQN i it 22 Y E AR T A B DL R Wy
7’ (s,a)=arg max 0, (s.a) (12)

HRAE DR & 07 F2, fe R Ak (1) o] DU A
K 13) s, Hoby B i Q fE.
y’:r’+ymfle(s’“,a; 0) (13)

75 DQN Y, fiz 32 5 B A 55 J 0 i 28 I 2% k47
NSk, UGBt m] DI RL T Q Rk fERf 42 4%
N ZRb, SR I T REALAR BE T B 09 07 15 4 25 i 1Y
O(s',a's 0") B WIE L y', Fe/ME AN (14) By 7 1 45

2 Jihr
fg\ BT Ea
el }— iFar
-
L
WMERAS'

FI4 5K AL SRS F 3R AL )

Fig. 4 Reinforcement learning in the environment of the directional UAV network
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